Summary -Steinernema texanum n. sp. is characterised by morphometrics of the infective juvenile with body length = 756 µm, distance from anterior end to the excretory pore = 59 µm, tail = 73 µm, ratio a = 25, H% = 59 and E% = 81. The lateral field pattern of the new species is 2, 7, 2, and is typical for the species. The male of the first generation can be recognised by the spicule and the gubernaculum lengths and shapes, position of the excretory pore, D% = 67 and GS% = 75. The female can be recognised by the vulva with very low epiptygma and two wart-like structures anterior to the tail tip that are always present on the ventral side. Steinernema texanum n. sp. is characterised genetically by the sequence of the ITS region (sequence length = 956 bp, the length of ITS1 = 263 bp, ITS2 = 286 bp, composition of its sequence and by 18 autapomorphies) and by sequence of D2D3 regions (sequence length = 860 bp, its composition and 15 autapomorphies). Steinernema texanum n. sp. is closely related to species in the feltiae-group, which include S. akhursti, S. feltiae, S. hebeiense, S. jollieti, S. kraussei, S. kushidai, S. litorale, S. monticolum, S. oregonense, S. sangi, S. silvaticum and S. weiseri. Isolates of the new species were obtained using the Galleria-baiting technique from soil samples taken near Kingsville, Texas, USA.
Entomopathogenic nematodes have been known since 1923 but interest in the use of nematodes as biological control agents waned until the 1970s and 1980s. During that period, increasing environmental concerns about the use of chemical pesticides and their reduced availability reawakened interest in entomopathogenic nematodes for insect control. In 2001, about 100 different laboratories were exploring these nematodes and their bacterial symbionts in more than 60 countries from every inhabited continent (Gaugler, 2002) . Many surveys have been conducted all over the world in search of species to control economically important insect pests (Hominick, 2002) . Currently, 56 species of entomopathogenic nematodes in the family Steinernematidae and 12 species in Heterorhabditidae have been reported (Nguyen, 2006) . of S. riobrave for potential use in biological control we conducted two soil-sampling surveys in the vicinity of the type locality near Weslaco, Texas (Cabanillas et al., 1994) . In the first survey (17-19 April 2001), we found ten new isolates of S. riobrave and a previously undescribed heterorhabditid species, Heterorhabditis mexicana Nguyen, Shapiro-Ilan, Stuart, McCoy, James & Adams, 2004 . Here we report the results of our second survey and the discovery of a new steinernematid species.
This isolate differs from all other species of Steinernema in morphological, morphometrical and molecular characteristics, and as indicated in cross-hybridisation tests with closely related nematodes. This new nematode is described and illustrated here as Steinernema texanum n. sp.
Materials and methods

SURVEY
Soil samples were collected at ten sites in southern Texas during the period 19-22 December 2003. The collection sites were roadside areas located between Kingsville, Brownsville, and Laredo, mostly along state roads 77 and 83, in areas with mixed weedy vegetation. Soil sampling followed the procedures of Stuart and Gaugler (1994) and involved taking a series of 20 soil cores (2.5 cm diam. × 21 cm depth) per site (total n = 200 samples). Soil cores were generally taken at ca 4 m intervals along linear transects at each site. Soil samples were kept on ice in coolers for transport to the laboratory.
In the laboratory, each sample was baited with a single wax moth larva, Galleria mellonella (L.) (Webster's Waxie Ranch, Webster, WI, USA). Soil samples were checked weekly for dead larvae which were removed and replaced with live larvae for additional rounds of baiting. Dead larvae that exhibited signs of infection with entomopathogenic nematodes were placed in modified White traps (Hara et al., 1991) . Nematodes that emerged from any individual bait larva were considered a separate isolate.
NEMATODE SOURCE
Steinernema texanum n. sp. was isolated in the laboratory from soil samples by means of trapping with G. mellonella as stated above. The isolates were maintained in the laboratory by recycling through G. mellonella (Dutky et al., 1964; Nguyen, 1988 ) every 3-4 months and were stored in culture flasks at 16
• C.
MORPHOLOGICAL OBSERVATIONS
For taxonomic studies, 100 × 15 mm Petri dishes lined with moistened filter paper were inoculated with 200 infective juveniles (IJ) per G. mellonella and kept in the dark at 25
• C in a growth chamber. Galleria larvae died 2 days after inoculation. First generation males and females were obtained 3 days after the Galleria died and second generation males and females after 5-7 days, by dissecting the cadavers in 1% NaCl solution. Thirdstage infective juveniles were obtained after 10 days and harvested during the first week of emergence. Thirdstage infective juveniles were obtained during the first 2 days after emergence from insect cadavers as suggested by Nguyen and Smart (1995a) . For light microscope observations, 20 males and females and infective juveniles (IJ) were examined alive. In order to see morphological structures better, additional specimens from different stages were killed in warm water (40 • C), or fixed in triethanolamine formalin (TAF) as suggested by Courtney et al. (1955) , or in lactophenol as reported by Franklin and Goodey (1949) . These nematodes were used when further observation was needed to confirm the morphology or variation of particular structures. Nematodes fixed in TAF were processed to glycerin by the Seinhorst (1959) method. Type specimens were mounted in glycerin. Cover glass supports were used in all cases to avoid flattening of specimens. Measurements and drawings were made by using a compound microscope with a drawing tube.
SCANNING ELECTRON MICROSCOPY (SEM)
Adults of the first generation and IJ were fixed in 4% formalin buffered with 0.1 M sodium cacodylate at pH 7.2 for 24 h at 8
• C. They were post-fixed with 2% osmium tetroxide solution for 12 h at 25
• C, dehydrated in a graded ethanol series, critical point dried with liquid CO 2 , mounted on SEM stubs and coated with gold (Nguyen & Smart, 1995b) . Spicules and gubernacula were prepared as suggested by Smart (1990, 1997) .
CROSS-HYBRIDISATION
Infective juveniles of S. feltiae (Filipjev, 1934) Wouts, Mráček, Gerdin & Bedding, 1982 (CN strain) and S. oregonense Liu & Berry, 1996 (Oregon strain) were tested for reproductive compatibility with S. texanum n. sp. The method used was suggested by Nguyen and Duncan (2002) using G. mellonella haemolymph. Other related species were not available for the tests.
MOLECULAR CHARACTERISATION
Extraction of DNA
DNA was extracted from a single female using a DNeasy tissue kit (Qiagen, Valencia, CA, USA). Methods in the instruction book were followed in this study.
PCR amplification
The methods reported by Nguyen et al. (2006) were used for this study.
Sequencing
PCR products were purified with a QIAquick PCR purification kit (Qiagen). Purified DNA was sequenced in both directions on automated sequenchers as reported previously . Sequencher TM , version 4.2 (Gene Code, Ann Arbor, MI, USA) was used for sequence editing and verifying base-calls.
Multiple alignments
Sequences of studied species were aligned using the default parameters of Clustal X (Thompson et al., 1997) , then optimised manually in MacClade 4.0 (Maddison & Maddison, 2002) .
Phylogenetic relationships
Sequences of the partial 28S ribosomal DNA (D2D3 regions) and the internal transcribed spacer regions (ITS) of Steinernema species have been used by different authors Stock et al., 2001; Nguyen & Duncan, 2002; Nguyen & Adams, 2003; Spiridonov et al., 2004) in taxonomic and phylogenetic studies. In this paper, sequences of these two regions were used. For ITS regions and D2D3, phylogenetic relationships were done as reported by Nguyen et al. (2004 Nguyen et al. ( , 2006 
DESCRIPTION
First generation male
Body C-shaped to strongly curved posteriorly when heat-relaxed. Cuticle smooth under light microscope but with striation under SEM. Lateral field not observed. Head rounded, gently tapering anteriorly, slightly swollen and flattened anteriorly in some specimens. Face with six labial papillae, two amphidial apertures and four cephalic papillae. Labial papillae longer than cephalic papillae. Stoma shallow, narrow, usually with pronounced cheilorhabdions, posterior part funnel-shaped, well cuticularised. Excretory pore anterior to nerve ring, anterior part of excretory duct well cuticularised, excretory cells not observed. Pharynx with cylindrical procorpus, metacorpus slightly swollen, isthmus present. Nerve ring surrounding isthmus, basal bulb distinct. Pharyngo-intestinal valve present. Gonad monorchic, reflexed. Testis with ventral reflexion, germinal zone, growth zone and vas deferens. Distance from base of pharynx to anterior end of testis variable, longer than pharynx length. Spicules paired, dark brown in colour. Head (manubrium) of spicules, somewhat elongate (spicule head length/ width = 1.20-1.40); shaft (calomus) very short or absent; rostrum present; blade (lamina) thick, tapering slightly posteriorly; blade terminus blunt; velum prominent. Each spicule with two internal ribs. Under SEM, spicule with three lobes: dorsal lobe prominent, well curved anteriorly; lateral lobe well defined on dorsal edge and divided into two posteriorly; ventral lobe short. Gubernaculum boatshaped in lateral view, cuneus needle-shaped, anterior end curved ventrally. Usually a single precloacal papilla and 11 pairs of genital papillae arranged in normal position for Steinernema (i.e., six or seven pairs precloacal subventral, one pair adcloacal, one pair lateral, two pairs subterminal and one pair subdorsal). Number of caudal papillae is constant (three pairs), but number of precloacal subventral pairs variable. Tail conoid, without phasmid; tail terminus without mucron. EP = distance from anterior end to excretory pore; NR = distance from anterior end to nerve ring; ES = distance from anterior end to end of pharynx. 
Second generation male
Similar to first generation male except body shorter, body diam. less and the following characteristics: Head usually somewhat swollen. Excretory pore more anterior, in posterior part of corpus. Posterior part of body with a single precloacal papilla and 13-14 pairs of genital papillae of which four pairs caudal compared to three in the first generation. Lateral field prominent with one ridge. Tail terminus with a mucron, usually subterminal subventral in position.
First generation female
Body C-shaped or strongly spiralled when heat-relaxed and fixed with 4% formalin. Head rounded, continuous with body. Cuticle smooth or with faint annules. Lateral fields with one line present on all females observed. Phasmids inconspicuous. Cheilorhabdions prominent, well sclerotised. Another smaller sclerotised structure present posterior to cheilorhabdions (presumably the prorhabdions), posterior part funnel-shaped. Pharynx with procorpus cylindrical, muscular; metacorpus swollen; isthmus distinct; basal bulb enlarged, valvate. Nerve ring surrounding isthmus, just anterior to basal bulb. Pharyngo-intestinal valve prominent. Excretory pore position variable, near mid-pharynx. Pharyngo-intestinal valve present. Vulva a transverse slit on a protruding area, small epiptygma present. Tail with bluntly pointed tip, one or two projections present. Postanal swelling present in most females, more pronounced in fully mature females. Tail shorter than anal body diam., tapering to a blunt terminus. Two projections usually present at tail end. Two wart-like structures anterior to tail tip always present on ventral region.
Second generation female
Body an open C when heat-relaxed and fixed with 4% formalin. Similar to first generation female but smaller. Body diam. greater anterior to vulva than posterior. Vulva on asymmetrical protuberance and situated at midbody; epiptygma not observed. Postanal swelling present. Tail mostly longer than anal body diam., tapering gently to a sharp point. For some large females (about 5%), tail shorter than anal body diam.
Infective juvenile
Body elongate, almost straight or slightly curved. Sheath (second-stage cuticle) present immediately after harvesting, but many infective juveniles losing sheath in storage. Exsheathed juvenile with four cephalic papil-lae. Labial region smooth, continuous with body. Amphidial apertures prominent. Cuticle marked with prominent transverse striations. Excretory pore anterior to nerve ring. Lateral field beginning anteriorly with one line at fourth or fifth annule. A short distance posteriorly, two additional lines appearing to form two ridges. Near excretory pore level, number of ridges in lateral fields increasing from two to seven. Seven ridges remaining unchanged from excretory pore to anus except that two submarginal ridges not as raised as others in middle part of body. Near anus all ridges become smaller, only ridges 1, 3, 5, 7 raised and seen clearly, others gradually disappearing. Near phasmid, only two ridges (poorly separated) observed in lateral field. With above arrangement, formula of lateral field is 2, 7, 2. Pharynx with narrow corpus, metacorpus slightly swollen, isthmus present, nerve ring usually at middle of isthmus; basal bulb elongate with visible valve. Cardia present. Bacterial pouch located just posterior to cardia, 7-8. 
DIAGNOSIS AND RELATIONSHIPS
Steinernema texanum n. sp. is characterised by morphometrics of the infective juvenile with body length 756 µm, distance from anterior end to the excretory pore = 59 µm, tail length = 73 µm, ratio a = 25, H% = 59 and E% = 81 (Table 2) . Lateral field pattern of the new species is 2, 7, 2, and is very typical for the species. Male of the first generation can be recognised by the spicule and the gubernaculum lengths and shapes, position of the excretory pore, D% = 67 and GS% = 75. Female can be recognised by the vulva with very low epiptygma, and two wart-like structures anterior to tail tip always present on ventral region ( Fig. 4C-E The infective juvenile of S. texanum n. sp. differs from the closely related species, S. feltiae, S. kraussei and S. oregonense by its short body length, short pharynx length and lower a ratio ( Table 2 ). The E% of the new species is similar to that of S. kraussei but smaller than that of S. feltiae and S. oregonense. The new species has a similar body length to S. jollieti and S. weiseri but body diam. is different in both means and ranges. Consequently, ratio a value is different, being 25 compared to 30.5 and 29, respectively. Additionally, the E% of the three species are different (Table 2 ). The new species is unique in the feltiae-group in having seven ridges in the lateral fields compared to six in S. akhursti and S. jollieti and eight in all others. Steinernema texanum n. sp. can be distinguished from all other members of the feltiae-group by data in Table 2 .
The first generation male of the new species differs from all related species by lengths and shapes of spicules and gubernaculum (Fig. 2D-F) . D% and GS% are also different (Table 3 ). The second generation male differes from other species by the presence of 13-14 pairs of genital papillae.
The first generation female of S. texanum n. sp. differs from all other species by the presence of two wart-like structures on the ventral region of the tail (Fig. 4C, D) . 
CROSS-HYBRIDISATION TESTS
Cross-breeding between males and females of S. texanum n. sp. with S. feltiae and S. oregonense produced no progeny. In the control, when all species were self crossed, males and females produced offspring normally.
MOLECULAR CHARACTERISATION
Steinernema texanum n. sp. is characterised genetically by the ITS and D2D3 regions. The sequence of ITS regions of S. texanum n. sp., flanked by primers 18S and 26S is characterised by its length 956 base pairs (bp), ITS1 = 263 bp, ITS2 = 286 bp and its composition (Table  4 ). The sequence length of ITS1 of the new species is longer than that of S. sangi but shorter than all other species in the feltiae-group (Table 4) . ITS2 is longer than that of S. monticolum but shorter than all others in Table  4 . For more interspecific relationships, pairwise distances (Table 5) show that the new species differs from S. jollieti, its closest taxon, by 67 bp and from the most divergent species, S. monticolum, by 141 bp. Distances from the new species and others are presented in Table 5 . Among these species, the less divergent species are S. litorale and S. weiseri with 27 bp difference; the most divergent species are S. monticolum and S. kushidai with 150 bp difference.
For D2D3 regions, the sequence of S. texanum n. sp. is 855 bp, composition, A = 0.24912, C = 0.19532, G = 0.30292, T = 0.25263. Pairwise distances (Table 6) show that the new species differs from its closest taxon, S. feltiae, by 28 bp and from the most divergent species, S. monticolum, by 51 bp. Steinernema texanum n. sp. differs from other closely related species by 28-37 bp. These data indicate that the new nematode is a good new species when comparing these distances with those of other species, the distances between some valid species actually being as low as zero bp ; Table 7 ). There are some other described species that have low pairwise distances; for example, pairwise distances between S. hermaphroditum Stock, Griffin & Chaerani, 2004 and S. scarabaei Stock & Koppenhöfer, 2003 and S. cubanum Mráček, Hernandez & Boemare, 1994 and S. longicaudum Shen & Wang, 1992 (Stock et al., 2004, Table 3 ).
PHYLOGENETIC ANALYSIS
For ITS regions, maximum parsimony analysis shows that the alignment resulted in 1247 characters of which 152 in ambiguous regions are excluded, 276 are constant, 261 variable characters are parsimony-uninformative and 558 characters (included) are parsimony-informative. Parsimony and distance based treebuilding approaches produce almost identical trees. The phylogenetic relationships between 33 species of Steinernema are presented in Figure 6 (for MP, tree length = 3622, CI = 0.4268, RI = 0.4616, RC = 0.1970, HI = 0.4616). In this con- (Stock et al., 2001; Nguyen et al., 2006) in which S. monticolum (using sequence AF331895) clustered with the carpocapsae-group. The anomaly between the D2D3 sequence reported here and that of Stock et al. (2001) is clearly significant and needs to be resolved. Our D2D3 sequence was derived from material of S. monticolum supplied in 2005 by H. Kaya, one of the original authors of the species, and is in agreement with a sequence obtained from the same source by Spiridonov (pers. comm., 2005) . The fact that our sequence puts S. monticolum within the feltiae-group rather than the carpocapsae-group also makes sense as this placement is supported by morphological characters (see Spiridonov et al., 2004b) . In conclusion, it seems plausible that the D2D3 sequence reported by Stock et al. (2001) may actually refer to a different species to that attributed. In this clade, the new species, S. feltiae, S. kraussei and S. oregonense, formed a monophyletic group in which the new species is the sister taxon to the group formed by others. Bootstrap support in this clade are from medium to high (85-99). The two species S. monticolum and S. kushidai stand separately. Additionally, the reconstructed nucleotide character transformations (Fig. 9) show that S. texanum n. sp. differs from species of the feltiae-group by 15 unambiguous, polarised autapomorphies.
SURVEY
A total of 15 of the 200 soil samples (7.5%) from three of the ten sampling sites (30%) proved positive (Steiner, 1929) Wouts, Mráček, Gerdin & Bedding, 1982 isolates (from six cores) and seven isolates of the new species (from two cores). (= unique, derived characters, rectangular boxes at the positions 238, 261, 293, 329, 506, 724, 725, 807, 862, 1044, 1170, 1171, 1177, 1181, 1182, 1185, 1189 and 1191) ; seven of them are transversion and 11 are transition. 
